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■^ ' Abstract 

Q . Deuterium abundances measured recently from QSO absorption-line sys- 

^ ! tems lie in the range from ~ 3 x 10~^ to ~ 3 x 10~^, which shed some questions 

d '. on standard big bang theory. We show that this discordance may simply be an 

artifact caused by inadequate analysis ignoring spatial correlations in the velocity 
k> ! field in turbulent media. The generalized procedure (accounting for such correla- 

tions) is suggested to reconcile the D/H measurements. 

An example is presented based on two high-resolution observations of 
Q 1009+2956 (low D/H) [1,2] and Q 1718+4807 (high D/H) [8,9]. We show 
that both observations are compatible with D/H c:^ A.l — 4.6 x 10^^, and thus 
support SBBN. The estimated mean value ( D/H ) ^ 4.4 x 10~^ corresponds 
to the baryon-to-photon ratio during SBBN rj ~ 4.4 x 10~^° which yields the 
present-day baryon density flbh'^ ~ 0.015. 



1. Introduction 

From recent HST observations of the Za = 0.7 absorption-line system to- 
ward the quasar Q 1718+4807 Webb et al. [8,9] deduced D/H = 1.8 - 3.1 x 10"^ 
This ratio is significantly higher than that derived from other quasar spectra. For 
instance, at Za = 2.504 toward Q 1009+2956 the D/H ratio lies in the range from 



1.8 X 10^^ to 3.5 10^^ [1]. New measurements [2] give a slightly higher range for 
the D/H value at Za = 2.504 (3.31 - 4.57 x 10"^) which is still incompatible with 
the results of Webb et al. 

According to the basic idea of homogeneity and isotropy of the big bang 
universe the primordial deuterium abundance should not vary in space. One can 
only expect that the D abundance decreases with cosmic time due to conversion 
of D into ^He and heavier elements in stars. To check whether big bang nucle- 
osynthesis [BBN] has occurred homogeneously or not, precise measurements of 
absolute values of D/H at high redshift are extremely important. In a series of 
papers [3-6] we have shown that this task is badly model dependent. Here we 
present two examples to underline the difficulties of the inverse problem in the 
analysis of the H-l-D absorption blends. 

2. Results 

We consider a cloud of a thickness L with a stochastic velocity field but of 
homogeneous (H I) density and temperature. The velocity field is characterized by 
its rms amplitude at and its correlation length / > 0. The model is identical to that 
of [5] . This approach generalizes the standard procedure which assumes no spatial 
correlations in the velocity field (/ = 0). - To estimate physical parameters and 
an appropriate velocity field structure along the line of sight, we used a Reverse 
Monte Carlo [RMC] technique. The algorithm requires to define a simulation box 
for 5 physical parameters : N(H I), D/H, Tkin, o-t/vth^ and L/l (here Vth denotes 
the thermal width of the hydrogen lines). - The continuous random function of 
the coordinate v{s) is represented by its sampled values at equal space intervals 
As, i.e. by {fi, ^2, • • • iVk]-, the vector of the velocity components parallel to the 
line of sight at the spatial points Sj (for more detail, see [5]). 

Direct observations of galactic halos dX z > 2 [7] show that cit ~ 40 ± 15 
km s^^, if Tj^in — 10^ K. Our RMC calculations yield for the Za = 2.504 and 
Za = 0.701 absorption systems o"t ~ 26 km s~^ [5,6] which makes the procedure to 
be adequate, whereas o-j ^ 2 — 8 km s~^ found in [1,2] and at — 13 km s~^ found 
in [8,9] are evidently too low. 

To illustrate our results, we show in Fig. 1 H+D Lya lines observed by 
the two groups [1,2] and [8,9] and some of the adequate profile fits {Xmin P^^ 
degree of freedom ^ 1). The solutions are not unique, however, but depend 
sensitively on the velocity field configuration along the line of sight (see [5,6], 
for more examples). Fig. 1 shows that both profiles are compatible with D/H 
~ 4.1 X 10~^ (the uncertainty range is from 4.1 x 10~^ to 4.6 x 10~^ [5,6]). Taking 
the mean D/H value from this range, one can estimate the baryon-to-photon ratio 
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Fig. 1. Upper panel. An example of a template H+D Lya profile (dots) at 
Za = 2.504 toward the quasar Q 1009+2956 representing the normalized in- 
tensities and their uncertainties (error bars) in accord with [1]. The results of 
the RMC minimization are shown by the solid curve (H+D), the dotted curve 
(H I) and the dashed curve (D I) for the mesoturbulent model with N(H I) 
= 2.71 X 10^^ cm-^ D/H = 4.11 x 10-^ Tkin = 20220 K, at = 25.8 km s~\ 
and L/l = 4.1 . 

Lower panel. HST/GHRS observations [8,9] of the H+D Lya line at Za = 0.701 
toward the quasar Q 1718+4807 (the open circles represent the normalized flux, 
the spectral resolution is 0.1 A). Profiles for H I (dotted curve), D I (dashed 
curve) and H+D (solid curve) are computed by the RMC procedure for N(H I) 
= 1.77 X 10^^ cm^^ D/H = 4.11 x 10~^ T^n = 15100 K, at = 26 km s~\ and 
L/l = 3.5 . The x^ values (per degree of freedom) of the final fits are shown. 



T) during SBBN and using the present-day photon density determined from the 
cosmic microwave background measurements, one can obtain the current baryon 
density Qb '■ V — 4-4 x 10^^° and Q^h'^ ~ 0.015, correspondingly. 

We conclude that the reliability of the interpretation of deuterium ab- 
sorption line observations at high redshift is determined by two factors : {i) 
improvements in the detection equipment, and (u) advances in the theory of line 
formation in turbulent media. 
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